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© Optical information recording medium in which a protective layer comprises a mixture layer 
containing ZnS and Si02. 

© In an optical information recording medium com- 
prising a substrate (11) of polycarbonate, a recording 
layer, and a reflecting layer (14) covering the reflect- 
ing layer and containing Al, a mixture layer (17) of a 
mixture of ZnS and Si02 is deposited on the reflect- 
ing layer to sufficiently protect transmission of mois- 
ture into the reflecting layer. A covering layer (18) of 
ultraviolet curable resin may be deposited on the 
mixture layer. The recording layer is formed on the 
substrate and includes a magneto-optical layer (13) 
sandwiched between first and second interference 
layers (15, 16). For protecting transmission of mois- 
ture into the substrate, it is preferable that an addi- 
tional layer (21) of Si02 is deposited on the sub- 
strate opposite to the recording layer. 

FIG. 6 

Q. 
LU 

Rank Xerox {UK) Business Services 



J 

European Patent 
Office 

EUROPEAN SEARCH REPORT 
Application Number 

EP     92 10 9178 

DOCUMENTS CONSIDERED TO BE RELEVANT 

Category 

D,A 

P,X 

Citation of document with indication, 
 of relevant passages 

where appropriate, 

PATENT ABSTRACTS OF JAPAN 
vol. 13, no. 075 (P-831)21 February 1989 
& JP-A-63 259 855 ( MATSUSHITA ) 26 
October 1988 
* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 12, no. 180 (P-709)27 May 1988 
& JP-A-62 289'946 ( K0NISHIR0KU PHOTO INO 
) 16 December 1987 
* abstract * 

EP-A-0 265 204 (MATSUSHITA) 
* abstract; figure 2 * 

JAPANESE JOURNAL OF APPLIED PHYSICS, 
SUPPLEMENTS 
vol. 28-3, 1989, TOKYO 
pages 67 - 70 
S: TAMADA ET AL. 'Design Concept of 
Magneto-Optical Disk' 
Section 2; Figure 1 

PATENT ABSTRACTS OF JAPAN 
vol. 16, no. 404 (P-1410)26 August 1992 
& JP-A-41 34 742 ( MATSUSHITA ) 8 May 1992 
* abstract * 

The present search report has been drawn up for all claims 

Relevant 
to I 

CLASSIFICATION OF THE 
APPLICATION (lot. CI.S ) 

G11B7/24 
G11B11/10 

1-3,6,9 

1 

1.5-9 

TECHNICAL FIELDS 
SEARCHED ant. CI. 5 ) 

1,6,9 G11B 

THE HAGUE 
D*e of oonpldioa of the tevcfc 

19 JANUARY 1993 H0LUB0V C.A. 

CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 

T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after tbe filing date 
D : document cited in the application 
L : document cited for other reasons 
A : member of the same patent family, corresponding 

document 



4v 

© 

Europaisches Patentamt 

European Patent Office 

Office europ'en des brevets © Publication number: 0 516 178 A2 

© EUROPEAN PATENT APPLICATION 

© Application number: 92109178.1 

© Date of filing: 01.06.92 

© Priority: 30.05.91 JP 127658/91 

© Date of publication of application: 
02.12.92 Bulletin 92/49 

© Designated Contracting States: 
DE FR GB NL 

© int. CIA G1 IB 7/24, G11B 11/10 

© Applicant: NEC CORPORATION 
7-1, Shiba 5-chome Minato-ku 
Tokyo 108-01 (JP) 

© Inventor: Itoh, Masaki 
c/o NEC Corporation, 7-1, Shiba 5-chome 
Minato-ku, Tokyo(JP) 

© Representative: Vossius & Partner 
Siebertstrasse 4 P.O. Box 86 07 67 
W-8000 Munchen 86(DE) 

0 c^Z™^"°g m"""m in "M* «        «- ^- comprtsM a mMu,e ,ayer 

© in an optical information recording medium com- 
prising a substrate (11) of polycarbonate, a recording 
layer, and a reflecting layer (14) covering the reflect- 
ing layer and containing Al, a mixture layer (17) of a 
mixture of ZnS and Si02 is deposited on the reflect- 
ing layer to sufficiently protect transmission of mois- 
ture into the reflecting layer. A covering layer (18) of 
ultraviolet curable resin may be deposited on the 
mixture layer. The recording layer is formed on the 
substrate and includes a magneto-optical layer (13) 
sandwiched between first and second interference 
layers (15, 16). For protecting transmission of mois- 
ture into the substrate, it is preferable that an addi- 
tional layer (21) of Si02 is deposited on the sub- 
strate opposite to the recording layer. 
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This invention relates to an optical information 
recording medium, such as a magneto-optical disk, 
which is used for recording information by an irra- 
diation of a laser beam. 

Various optical information recording media of 
the type are already known; For example, an op- 
tical information recording medium is disclosed by 
Sakuya Tamada and five others in Japanese Jour- 
nal of Applied Physics, Vol. 28 (1989), Supplement 
28-3, pp. 67-70, under the title of "Design Concept 
of Magneto-Optical Disk". 

In the manner which will later be described 
more in detail, the recording medium comprises a 
substrate, a protective layer, a recording layer be- 
tween the substrate and the protective layer, and a 
reflecting layer between the protective and the re- 
cording layers. The substrate is made of polycar- 
bonate and therefore is transparent for the laser 
beam. The protective layer is made of an organic 
material. The reflecting layer contains aluminum 
(Al) and therefore is opaque for the laser beam. 

As will later be described in detail, the record- 
ing medium has a recording density which is rela- 
tively high. Therefore; the recording medium en- 
ables an information recording system to have a 
large record capacity. 

It is assumed that the reflecting layer is sub- 
jected to oxidation and deflection when the record- 
ing medium is used or preserved in an environ- 
ment of a high temperature and humidity for a long 

* time. Namely, the recording medium is disadvanta- 
| geous in its weather resistance. This is because 
I the protective layjsr^jLJLfr^ 
! sufficient to protect tran_smission of moisture. 

Summary of the Invention: 

It is therefore an object of this invention to 
provide an optical information recording medium 
which has an excellent weather resistance. 

It is another object of this invention to provide 
an optical information recording medium which is 
of the type described and in which a reflecting 
layer is not subjected to oxidation. 

It is still another object of this invention to 
provide an optical information recording medium 
which is of the type described and in which a 
deflection does not occur even when preserved in 
a hot and humid environment for a long time. 

Other objects of this invention will become 
clear as the description proceeds. 

According to this invention, there is provided 
an optical information recording medium compris- 
ing a substrate, a protective layer, a recording layer 
between said substrate and said protective layer, 
and a reflecting layer between said protective and 
said recording layers, said reflecting layer contain- 
ing Al, said protective layer comprising, on said 

reflecting layer, a mixture layer containing ZnS and 
Si02. I 

Brief Description of the Drawing: 
5 7. ~ 

Fig. 1 is a sectional view of a conventional 
optical recording medium; 
Fig. 2 is a vertical sectional view of an optical 
recording medium according to a. first embodi- 

10        ment of this invention; 
Fig. 3 is a vertical sectional view of an optical 
recording medium according to a second em- 
bodiment of this invention; 
Fig. 4 is a vertical sectional view of an optical 

75        recording medium according to a third embodi- 
ment of this invention; 
Fig. 5 is a vertical sectional view of an optical 
recording medium according to a fourth embodi- 
ment of this invention; and 

20 Fig. 6 is a vertical sectional view of an optical 
recording medium according to a fifth embodi- 
ment of this invention. 

Description of the Preferred Embodiments: 
25 

Referring to Fig. 1, a conventional optical in- 
formation recording medium will first be described 
for a better understanding of this invention. The 
conventional recording medium is generally called 

30 a magneto-optical disk and is used for recording 
information by an irradiation of a laser beam. 

The recording medium comprises a substrate 
11, a protective layer. 12, a recording layer 13 
between the substrate 11 and the protective layer 

35 12, and a reflecting layer 14 between the protective 
and the recording layers 12 and 13. The substrate 
11 is made of polycarbonate and therefore is trans- 
parent for the laser beam. The protective layer 12 
is made of an organic material alone. The record- 

40 ing layer 13 is made of ferri-magnetic amorphous 
alloy which is composed of iron , and rare-earth 
metal used as transition, metals. The recording lay- 
er 13 may be called a magneto-optical layer. The 
reflecting layer 14 is made of an Al alloy and 

45    therefore is opaque for the laser beam. 
The recording medium further comprises first 

and second interference layers 15 and 16. Each of 
the first and the second interference layers 15 and 
16 is made of silicon nitride and is transparent for 

50    the laser beam. The first interference layer 15 is 
between the substrate 11 and the recording layer 
13. The second interference layer 16 is between 
the recording and the reflecting layers 13 and 14. 

For -carrying out a recording and reading op- 
55 eration of the information, the laser beam is irradi- 

ated onto the recording layer 13 through the sub- 
strate 11 and the first interference layer 15. The 
laser beam is focused to have a beam diameter of 
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about 1.4 microns on the recording layer 13. Re- 
sponsive to the laser beam, the recording layer 13 
carries out the recording and reading operation in 
the manner known in the art. Inasmuch as the laser 
beam is focused, the recording medium has a 
recording density which is relatively high. 

The laser beam has a part which is incident to 
the second' interference layer 15 through the re- 
cording layer 13. Each of the first and the second 
interference layers 15 and 16 produces ^ multiple 
interference effect in the manner known in the art. 
As a result, the recording and reading operation is 
reliably carried out even when the laser beam has 
beam energy which is relatively small. 

The laser beam is emitted from a laser source 
(not shown) in the manner known in the art. As the 
laser source, use is made of a semiconductor laser 
having a wavelength between 6700 and 8300 ang- 
stroms. 

The reflecting layer 14 is subjected to oxidation 
when the recording medium is used or preserved 
in an environment of a high temperature and hu- 
midity for a long time. This is because the protec- 
tive layer 12 is insufficient to protect transmission, 
of moisture. 

Referring to Fig. 2, the description will be di- 
rected to an optical information recording medium 
according to a first embodiment of this jnveniioQ. 
The recording medium comprises similar parts 
designated by like reference numerals. 

In the recording medium, the protective layer 
12 is made of a mixture of ZnS and S1O2 on the 
reflecting layer 14. The substrate 11 is made of 
polycarbonate. The substrate 11 may be composed 
of a selected one of a glass plate and an acrylic 
resin plate which are coated with photopolymer. It 
is preferable that the substrate 11 has guide 
grooves and guide pits for carrying out a predeter- 
mined tracking servo which is known in the art. 

Each of the first and the second interference 
layers 15 and 16 is made of silicon nitride. Alter- 
natively, each of the first and the second interfer- 
ence layers 15 and 16 may be made of a selected 
one of a mixture of zinc sulfide and metal oxide, a 
mixture of zinc sulfide and metal nitride, a mixture 
of zinc sulfide and metal carbide, a mixture of zinc 
sulfide and metal fluoride, the mixture of zinc sul- 
fide and metal boride, and a mixture of zinc sulfide 
and other metal sulfide. Each of the first and the 
second interference layers 15 and 16 may be 
made of a selected one of polymetal oxide having 
a high refractive index, aluminum nitride, nitric sili- 
con oxide, and sialon. As a further alternative, a 
multilayer film may be used as each of the first and 
the second interference layers 15 and 16. 

It is preferable that the recording layer 13 is 
composed of at least one material selected from a 
group consisting of TbFe, TbFeTi, TbFeCr, TbFeNi,- 

TbFeNiCr,  TbFeTa,  TbFeNb,  TbFePt, TbFeCo, 
TbFeCoTi,   TbFeCoCr,   TbFeCoNi, TbFeCoNiCr, 
TbFeCoTa,   TbFeCoNb,   TbFeCoPt, TbDyFeCo, 

,    TbDyFeCoTi,       TbDyFeCoCr, TbDyFeCoNi, 
5 TbDyFeCoNiCr, TbDyFeCoTa, TbDyFeCoNb, 

TbDyFeCoPt, TbNdFeCo, TbNdFeCoTi, 
TbNdFeCoCr, TbNdFeCoNi, TbNdFeCoNiCr, 
TbNdFeCoTa, TbNdFeCoNb, and TbNdFeCoPt. 
TbFeCoTi is more preferable. 

ro Turning to Fig. 3, the description will be di- 
rected to an optical information recording medium 
according to a second embodiment of this inven- 
tion. The recording medium comprises similar parts 
designated by like reference numerals. 

75 In the recording medium, the protective layer 
12 comprises a mixture laver 17 on the reflecting, 
layer 14 and a covering laver 18 covering the 
mixture layer 17. The mixture layer 17 is made of a 
mixture of ZnS and Si02. The covering layer 18 is 

20     made of ultraviolet curable resin^ 
Inasmuch as the mixture layer 17 is covered 

with the covering layer 18 of the ultraviolet curable 
resin, the recording medium is more advantageous 
in its weather resistance than .the recording me- 

25     dium that is illustrated with reference to Fig. 2. 
Turning to Fig. 4, the description will be di- 

rected to an* optical, information recording medium 
according to a third embodiment of this invention. 
The  recording medium  comprises similar parts 

30    designated by like reference numerals.. 
The recording medium further comprises an 

adhesion layer 19 between the substrate 11 and 
the first interference layer 15. The adhesion layer 
19 is made of tantalum oxide. The adhesion layer 

35 19 is used in order that the first interference layer 
15 may reliably adhere to the adhesion layer 19 
and on the substrate 11. 

The description will now proceed to a method 
of manufacturing the recording medium of Fig. 4 

40     by the use of a sputtering device (not shown). 
At first, a circular plate is placed in the sputter- 

ing device. The circular plate is made of polycar- 
bonate to have a diameter of 86 mm and a thick- 
ness of 1.20 mm. After the sputtering device is 

45 evacuated into vacuum below 5 x 10~7 Torr, the 
circular plate is subjected to first sputter etching to 
have a surface part removed to an approximate 
depth of 60 angstroms. This results in manufactur- 
ing the substrate 11. 

50 A tantalum target is subjected to sputtering in a 
first gas mixture of argon and oxygen to deposit, 
on the substrate 11, the adhesion layer 19 to a 
thickness of 300 angstroms. A silicon target is 
subjected to sputtering in a second gas mixture of 

55 argon and nitrogen to deposit, on the adhesion 
layer 19, the first interference layer 15 to a thick- 
ness of 650 angstroms. 

The. first interference layer 15 is subjected to 
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second sputter etching to have a surface part be 
removed to an approximate depth of 10 angstroms. 
A TbFeCoTi target is subjected to sputtering in an 
argon gas to deposit, on the first interference layer 
15, a recording layer 13 to a thickness of 200 
angstroms. A silicon target is subjected to sputter- 
ing in the second gas mixture to deposit, on the 
recording layer 13, the second interference layer 
16 to a thickness of 250 angstroms. An Al-Ti alloy 
target (containing 1% by weight of Ti) is subjected 
to sputtering in the argon gas to deposit, on the 
second interference layer 16, the reflecting layer 14 
to a thickness of 300 angstroms. A sintered target 
of a mixture of ZnS and Si02 (containing 20% by 
mol of S1O2) is subjected to sputtering in the argon 
gas to deposit, on the reflecting layer 14,- the 
mixture layer 17 to a thickness of 300 angstroms. 
In this manner, the optical information recording 
medium of Fig. 4 is partly manufactured to a half- 
completed medium. 

After the mixture layer 17 is formed, the half- 
completed medium is brought out from the sputter- 
ing device into an atmospheric air. The mixture 
layer 17 is subjected to spin-coating with ultraviolet 
curable resin in the manner known in the art. As a 
result, the mixture layer 17 is covered by the 
ultraviolet curable resin. To the ultraviolet curable 
resin covering the mixture layer 17, ultraviolet rays 
are irradiated to form the covering layer 18 having 
an ultimate thickness of 10 microns. 

The description will proceed to a test of char- 
acteristics of the recording medium of Fig. 4. 

The recording medium is rotated at 3600 rpm. 
In this condition, a laser beam of a laser diode is 
irradiated onto the recording layer 13 through the 
substrate 11 and the first interference layer 15 and 
focused to have a reduced diameter which is sub- 
stantially equal to 1.4 microns. Herein, the laser 
beam has a wavelength of 7800 angstroms. For a 
signal having a recording frequency of 2.12 MHz, 
writing operation is carried out at a radial distance 
of 30 mm with a duty ratio of 50%, a recording 
bias magnetic field of 350 oersted, and a recording 
power of 9 mW. Under the circumstances, the C/N 
ratio is equal to 46 dB. It is thus confirmed that the 
recording medium has an excellent recording sen- 
sitivity and an excellent signal quality. 

After the recording medium was preserved in 
an environment of a temperature of 80°C and a 
relative humidity of 90% for 500 hours, it was 
observed that neither oxidation nor stripping oc- 
curred. Therefore, the recording medium is suffi- 
cient for practical use. 

Turning to Fig. 5, the description will be di- 
rected to an optical information recording medium 
according to a fourth embodiment of this invention. 
The recording medium comprises similar parts 
designated by like reference numerals. 

On describing the optical information recording 
medium with reference to Fig. 5, it may be men- 
tioned here that the substrate 11 has first and 
second 'principal surfaces. The layers 15, 13, 16, 

5 14, 17, and 18 are formed successively on the first 
principal surface. 

The recording medium further* comprises an 
additional layer 21 on the second principal surface 
of the substrate 11. The additional layer 21 is made 

10 of SiQ2 and is for protecting the transmission of the 
moisture into the substrate 11. 

The recording medium is more advantageous 
in its weather resistance than the' recording me- 
dium that is illustrated with reference to Fig. 2. / 

15 More particularly, a deflection does not occur in the 
recording medium even when the recording me- 
dium is used or preserved in a hot and humid 
environment for a long time. This is because the 
additional layej^l^rotect^the transmission of the 

20 moisture into the substrate 11 in addition, to the 
mixture and the coveringjayers 17 and 18 protect- 
ing the transmissicTToHhe moisture into the reflect- 
ing layer 14. 

Turning to Fig. 6, the description will be di- 
25 rected to an optical information recording medium 

according to a fifth embodiment of this invention. 
The recording medium comprises similar parts 
designated by like reference numerals. 

It is to be noted that the recording medium 
30 comprises the adhesion and the additional layers 

19 and 21 in addition to the mixture and the 
covering layers 17 and 18. 

The description will now proceed to a method 
of manufacturing the recording medium of Fig. 6. 

35 The method begins with manufacture of a half- 
made medium by the steps or processes which are 
described in conjunction with manufacture of the 
recording medium illustrated with reference to Fig. 
4. 

40 Subsequently, the half-made medium is again 
placed in the sputtering device. After the sputtering 
device is evacuated into vacuum below 9 x 10~7 

Torr, the substrate 11 is subjected to third sputter 
etching to have a surface part adjacent the second 

45 principal surface be removed to an approximate 
depth of 20 angstroms. A Si02 target is subjected 
to sputtering in the argon gas to deposit, on the 
substrate 11, the additional layer 21 to a thickness 
of 500 angstroms. 

50 The   recording   medium   has characteristics 
which are similar to that of the recording medium 
illustrated with reference to Fig. 4. After the record- 
ing medium was preserved in an environment of a 
temperature of 80°C and a relative humidity of 90% 

55 for 500 hours, the recording medium was tested in 
the manner described in the recording medium of 
Fig. 4. It was observed that neither oxidation nor 
stripping occurred. Therefore, the recording me- 

4 
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dium is sufficient for practical use. 
In the recording medium illustrated with refer- 

ence to each of Figs. 2 to 6, a combination of-the 
recording, the first interference, and the second 
interference layers 13, 15, and 16 may be referred 
to as the recording layer. 

While the present invention has thus far been 
described, in connection with only a few embodi- 
ments thereof, it will readily be possible for those 
skilled in the art to put this invention into practice 
in various other manners. For example, the addi- 
tional layer 21 may be produced before deposition 
of the covering layer 18 although the description is 
made as regards a case where the additional layer 
21 is produced after, deposition of the coverinq 
layer 18. y 

Claims 

1- An optical information recording medium com- 
prising a substrate, a protective layer, a re- 
cording layer between said substrate and said 
protective layer, and a reflecting layer between 
said protective and said recording layers, said 
reflecting, layer containing Ai, said protective 
layer comprising, on said reflecting layer, a 
mixture layer containing ZnS and.Si02. 

2. An optical information recording medium as 
claimed in Claim 1, wherein said protective 
layer further comprises a covering layer cover- 
ing said mixture layer, said mixture layer being 
between said covering and said reflecting lay- 
ers. 

3. An optical information recording medium as 
claimed in Claim 2, wherein said covering lay- 
er is made of ultraviolet curable resin. 

10 

15 

20 

25 

30 

35 

4. 

45 

An optical information recording medium as 40 

claimed in Claim 1, 2 or 3, further comprising 
an additional layer of Si dioxide, said substrate 
being between said recording and said addi- 
tional layers. 

An optical information recording medium as 
claimed in any one of Claims 1 to 4, further 
comprising: 

a first interference layer between said sub- 
strate and said recording layer; and 50 

a second interference layer between said 
recording and said reflecting layers. 

An optical information recording medium as 
claimed in any one of Claims 1 to 5, wherein 55 
said recording layer comprises a magneto-op- 
tical layer. 

7. An optical information recording medium as 
claimed in Claim 6, wherein said recording 
layer further comprises an interference layer 
between said substrate and said magneto-op- 
tical layer. . 

8. An optical information recording medium as 
claimed in Claim 6, wherein said recording 
layer further comprises an additional interfer- 
ence layer between said reflecting and said 
magneto-optical layers. 

9. An optical information recording medium as 
claimed in any one of Claims 1 to 8, wherein 
said recording layer is composed of at least 
one material selected from a group consisting 
of TbFe, TbFeTi, TbFeCr, TbFeNi, TbFeNiCr 
TbFeTa, TbFeNb, TbFePt, TbFeCo, TbFeCoTi' 
TbFeCoCr,        TbFeCoNi, TbFeCoNiCr' 
TbFeCoTa, TbFeCoNb, TbFeCoPt.TbDyFeCo' 
TbDyFeCoTi..   TbDyFeCoCr, TbDyFeCoNi' 
TbDyFeCoNiCr, TbDyFeCoTa, TbDyFeCoNb 
TbDy FeCoPt,      TbNdFeCo,     TbNdFeCoTi' 
TbNdFeCoCr,  TbNdFeCoNi,  TbNdFeCoIMiCr,' 
TbNdFeCoTa, TbNdFeCoNb, and 
TbNdFeCoPt. 

5 
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FIG.  I   PRIOR ART 

FIG. 3 
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FIG. 6 
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